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Methods
Synthesis of reduced graphene oxide (rGO) and rGO nanofluid
Graphene oxide (GO) was synthesized from natural graphite using the modified Hummers method. Briefly, 5 g NaNO 3 and 225 ml H 2 SO 4 were added to 5 g graphite and stirred for 30 min in an ice bath. 25 g KMnO 4 was added to the resulting solution, and then the solution was stirred at 50 °C for 2 h. 500 ml deionized water and 30 ml H 2 O 2 (35%) were then slowly added to the solution, and the solution was washed with dilute HCl. Further, the GO product was washed again with 500 ml concentrated HCl (37%). The reduced graphene oxide was prepared by high temperature treatment of the GO sample at 800 C.
Nanofluid is prepared by direct mixing of rGO in the base fluid. In this analysis base fluid is distilled water with 1 M H 2 SO 4 . Nanofluids with different concentration were prepared by mixing 0.025, 0.1 and 0.4 wt% of rGO in 1 M H 2 SO 4 aqueous solution. In order to get stable suspension, 0.5 wt% of surfactant (triton X-100) is added and the mixture is kept in an ultrasonic bath up to 2 h. This suspension is further used as flowable electrode in electrochemical flow capacitor (EFC). It should be noted that triton X-100 is a well-known molecule with no electrochemical activity.
Characterization techniques
Surface morphological analysis of rGO sample was carried out by scanning electron microscopy (FEI Quanta 650F Environmental SEM). TEM images were obtained with a field emission gun transmission electron microscope (Tecnai G2 F20 S-TWIN HR(S) TEM, FEI).
Crystallographic study was carried out using PANalytical X'pert Pro-MRD instrument (CuK radiation and PIXel detector). X-ray photoelectron analyses were carried out by X-ray photoelectron spectroscopy (XPS, SPECS Germany, PHOIBOS 150) . . This is the highest scan rate used to measure CV curves for EFC cell.
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Electrochemical parameters:
From cyclic voltammetry, the capacitance is calculated using following equation:
where Δ E is the voltage window, i is the discharge current, V is the voltage, v is the scan rate, and m is the mass of rGO in one electrode. The factor of 2 accounts for the two electrode setup, where the charge is evenly distributed between two capacitors in series. Note that the specific capacitances were normalized by the mass of rGO in one electrode (not with the total weight of nanofluids).
The specific capacitance C sp was calculated from galvanostatic cycling using following equation:
where dV/dt is the slope of the discharge curve.
Initially, the cell is discharged for 15 min (at 0 V) then the cell was charged to certain cell potential for 5 min and then discharged to 0 V for 5 min. Integration of the discharge curve directly yielded the charge of the two-electrode setup. The capacitance was extracted from the discharge curves of chronoamperometry using following equation:
The coulombic efficiency was determined according to following equation and corrected for leakage current: Nyquist plots for the 0.025 wt% rGO nanofluid for different flow rates (frequency range 10 mHz to 10 kHz).
